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SUMMARY 


Results are presented of an investigation of the lateral stability 
and aileron-effectiveness characteristics of a wing with the leading- 
edge sweepback decreasing from ^5° at the root to 20° at the tip. The 
wing has an aspect ratio of b.12 and NACA 64A009 airfoil sections and 
is equipped with a plain unsealed l8. 3-percent-chord aileron. The 
investigation was made for the basic wing and for the wing with split 
flaps, leading-edge flaps, outboard slats, and combinations of these 
high-lift devices at a Reynolds number of about 3*5 X 10^. 

The effective-dihedral parameter is positive up to stall for all 
configurations investigated with a maximum value of 0.0033 being measured 
for the wing with split flaps deflected 6o°. All the configurations 
investigated are directionally stable throughout the lift-coefficient 
range. The value of the aileron-effectiveness parameter for all the 
configurations investigated is about 0.0010 at 85 percent of maximum 
lift coefficient and the aileron investigated can provide lateral trim 
up to about 12 yaw. In general, the lateral- stability and aileron- 
effectiveness results obtained for the subject wing are comparable to 
those obtained for essentially unswept wings. 


INTRODUCTION 


A general investigation has been conducted in the Langley full- 
scale tunnel on a wing plan form designed to diminish the inherent tip- 
stalling tendencies of sweptback wings. The leading-edge sweepback of 
the wing decreases in three steps from U 5 0 at the root to 30° at the 
midsemispan and to 20° at the tip. The wing has an aspect ratio of ^.12, 
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a taper ratio of O.36, and NACA 64A009 airfoil sections. The maximum- 
lift and longitudinal characteristics of the wing at Reynolds numbers 
from 2.4 x 10 ° to 6.0 x 10° are reported in reference 1 , and the chord- 
wise and spanwise pressure distributions are given in reference 2. The 
results of references 1 and 2 indicated that the wing plan form under 
consideration had characteristics comparable to those obtained for 
conventional sweptback wings of moderate sweepback. As a part of the 
general low- speed investigation, tests have been made to determine the 
lateral stability and aileron-effectiveness characteristics of the basic 
wing and of the wing with high-lift devices installed. 

The data presented herein for the lateral-stability investigation 
consist of force measurements for angles of attack through stall of the 
basic wing and of the wing with split flaps and full -span leading-edge 
flaps installed for angles of yaw from about -5° to l6 . Data are also 
presented from tests made to determine the effectiveness of a plain 
unsealed 18. 3 -percent- chord aileron on the basic wing and on the wing 
with split flaps, leading-edge flaps, outboard slats, and combinations 
of these high-lift devices for angles of attack through stall at zero 
yaw. All the data are presented for a Reynolds number of about 3.5 X 10 
and a Mach number of about 0.07. 


COEFFICIENTS AND SYMBOLS 


The test data are presented as standard NACA coefficients of forces 
and moments referred to the standard stability axes as indicated in 
figure 1. The origin of the system of axes is located in the plane of 
symmetry as projected from the quarter chord of the mean aerodynamic 
chord . 

C^ lift coefficient (Lift/qS) 

Ct maximum lift coefficient 

max 

Cy longitudinal- force coefficient (x/qS) 

Cy lateral-force coefficient (y/qS) 

C m pitching-moment coefficient (M/qSc) 

C n yawing-moment coefficient (N/qSb) 

Ci rolling-moment coefficient (L/qSb) 

pb/2V wing-tip helix angle, radians 
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damping-in- roll coefficient; rate of change of rolling- 
moment coefficient with wing-tip helix angle ( - | 

Vw) 


vertical force 
longitudinal force 
lateral force 

pitching moment about Y-axis 
yawing moment about Z-axis 
rolling moment about X-axis 
mass density of air 
free-stream velocity 

angle of sweepback at leading edge, degrees 
aspect ratio (b 2 /S ) 
free-stream dynamic pressure (pV^/ 2 ) 
wing area 

mean aerodynamic chord measured parallel to plane of 

'\>/2 

symmetry ( 7*28 ft) c 2 dy 



span of wing 
taper ratio 

angular velocity about X-axis 
local chord 
spanwise coordinate 

angle of attack measured in plane of symmetry, degrees 


NACA RM L50D14 
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C La 
Cy . 

n ^r 

C? 


Ja t 


angle of yaw (positive when right wing is rearward) , degrees 

rate of change of lift coefficient with angle of attack, 
per degree 

rate of change of lateral-force coefficient with angle of 
yaw, per degree 

rate of change of yawing-moment coefficient with angle of 
yaw, per degree 

rate of change of rolling-moment coefficient with angle of 
yaw, per degree 

rate of change of rolling-moment coefficient with aileron 
deflection, per degree 

aileron deflection, degrees 

split-flap deflection, degrees 

total (equal up and down) aileron deflection, degrees 


MODEL 


The geometric characteristics of the wing and the arrangement of 
the high-lift devices are given as figures 2 and 3* Photographs of the 
model mounted for tests in the Langley full-scale tunnel are given as 
figure 4. The airfoil section is the NACA 64A009 parallel to the plane 
of symmetry. The wing-tip shape is one-half of a body of revolution of 
the airfoil section. The wing has no geometric dihedral or twist. 
Further description of the wing construction and the high-lift devices 
is given in reference 1. 

The wing is equipped with a plain unsealed 18.3 -per cent -chord 
aileron located on the outer 35 percent of the right wing panel. (See 
fig. 5*) The aileron deflections are remotely controlled by an actuator 
within the wing. 


TESTS 


In order to determine the lateral stability characteristics of the 
wing, force tests were made in yaw for the basic wing and for the wing 
with split flaps deflected 60 °, full-span leading-edge flap, and a 
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combination of the split and full-span leading-edge flaps. These con- 
figurations were investigated for angles of yaw from about -5° to 16 ° 
and for angles of attack from about 0° through stall. The tests in yaw 
were made with the aileron gaps sealed and faired. 

Aileron-effectiveness tests were made for the basic wing and for 
the wing with the full-span leading-edge flap, 35-percent- span leading- 
edge slats, 35-percent- span leading-edge flaps, and combinations of 
these configurations with the split flaps deflected 60°. These config- 
urations were tested at several pertinent angles of attack which were 
determined from inspection of the lift curves and tuft studies of 
reference 1. The aileron was located on the right wing panel only and 
was deflected through a range of ±2b° . 

All the tests were made at a Reynolds number of about 3*5 X 10° 
(based on the mean aerodynamic chord) and a Mach number of about 0.07. 


RESULTS AND DISCUSSION 
Presentation of Results 


The results have been corrected for the stream misalinement, blocking 
effects, and jet-boundary effects. No tests were made to determine the 
support tare and interference effects, inasmuch as all the investigations 
of wings made recently on the same wing supports have shown these effects 
to be negligible. 

The results of the tests are grouped into two main sections. The 
first section presents the lateral stability characteristics of the wing 
as determined from tests in yaw. This section includes figures 6 to 8. 

The second section presents the results of the aileron-effectiveness 
tests and includes figures 9 to 19. The summary curves of the aileron 
characteristics given in figures 9 to 11 include the aileron effectiveness 
in figure 9, the rolling and yawing moments for total aileron deflection 
in figure 10, and the rolling effectiveness for the basic wing in 
figure 11. The basic data from the aileron-effectiveness tests for 
several wing-flap configurations are presented in figures 12 to 19. 


Static Lateral Stability Characteristics 
The lateral-stability parameters C 7 , 

6 \Jf li \[r 

basic wing and for the wing with high-lift devices installed are pre- 
sented as a function of lift coefficient in figure 6. These parameters 
were determined at zero yaw from the variations of C i , c n , and Cy 
with ^ given in the typical data plots of figures 7 and 8. 


and C v for the 

x i 
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Dihedral effect .- Positive dihedral effect is measured up to stall 
for all configurations investigated. (See fig. 6.) The maximum value 
of C, for the basic wing of O.OOlU is increased to 0.0021 with the 

full-span leading-edge flap installed alone, and to 0.0033 with the 
split flaps installed alone. The addition of the full-span leading- 
edge flaps to the latter configuration reduces the maximum value 
of Ci, to about 0.0026. 


Since the angle of sweepback at the leading edge of the subject 
wing varies from root to tip, it is difficult to determine a basis for 
a comparison of the results of the present tests with those obtained for 
conventional sweptback wings. The following table of C7 values is 

i 


given, therefore, for the basic wing and wing with split flaps deflected 
(where flap span is comparable) as a means of evaluating the lateral 
characteristics of the wing. 


(%! 

Lax 

A 



Airfoil section 

Wing 

B f = 0° 

8 f = 60° 

(deg) 

A. 

A 

0.0033 

0.0043 

34 

0.44 

4.84 

^-NACA 0015 root 
1 NACA 23009 tip 

^Reference 3 

.0038 


30 

1.00 

4.36 

■^ACA 23012 

Reference 4 

.0012 

-.0001 

5 

.55 

4.62 

f NACA 0015 root 
[NACA 23009 tip 

^Reference 3 

.0018 


0 

1.00 

4.13 

NACA 23012 

Reference 4 

.0014 

.0033 

45 to 20 

.36 

4.12 

NACA 64A009 

Subject Wing 


'Airfoil sections not parallel to plane of symmetry. 


From the foregoing data it appears that the maximum dihedral effect of 
the subject wing is comparable to that obtained for essentially unswept 
wings . 


n 




Directional stability and lateral force .- As shown by the curves of 
given in figure 6, all the configurations investigated are direction- 


ally stable throughout the lift-coefficient range, and the static direc- 
tional stability increases with increasing lift coefficient up to stall. 
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The value of C n ^ at stall increases from -0.0006 for the basic wing to 

a maximum value of about -0.0017 for the wing with the combination of 
split and full- span leading-edge flaps installed. 


The values of the lateral- force parameter Cy^ are only slightly 

affected with increasing lift coefficient for all configurations 
investigated (fig. 6 ), and the effect of the split flaps is to decrease 
the value of Cy . 


Aileron Characteristics 

Aileron effectiveness .- The aileron-effectiveness parameter 

for the basic wing and for the wing with the high-lift devices installed 

is presented in figure 9* The values of C 7 determined at 5 0 = 0° 

6 8 a 

are derived from the basic data of figures 12 to 19# Lift coefficients 

corresponding to 0 . 85 C T which are considered representative of those 

•^max 

usable for the landing condition are noted in figure 9 Tor purposes of 
comparison. 

For the configurations without the split flaps installed, the 
values of Cjg at 0.8^0^^ are 0.0011 for the basic wing, 0.00105 for 

the wing with full- span leading-edge flap installed, and about 0.0010 for 
the wing with the slat and 0.35b/2 leading-edge flaps installed. These 
values of were not appreciably changed by the addition of split 

flaps. After the occurrence of leading-edge separation at the wing tips 
at angles of attack of 12.8° and 9-3° (references 1 and 2) for the basic 
wing and wing with split flaps, respectively, there is a rapid loss in 
aileron effectiveness with increasing angle of attack such that at the 
angles of attack for maximum lift the value of is about one-half 

of that measured at 0.850^ (See fig. 9.) The addition of the slat 

or the leading-edge flap to the outer 35 percent of the span prevents 
the large loss in effectiveness at the higher angles of attack by 
eliminating the flow separation in the region of the tips (reference l). 

A further improvement in the aileron effectiveness at the higher angles 
of attack is obtained with the full -span leading-edge flap installed 
where there is no loss in effectiveness for angles of attack up to maxi- 
mum lift (a = 19.^°) • In addition, this configuration is the only one 
for which the aileron effectiveness is maintained past stall. The 
addition of split flaps to the latter configuration results in only a 
small loss in effectiveness at maximum lift (a = 17*7°) • The addition 
of the split flaps to the wing with the slat or leading-edge flap in the 
outer 35 percent of the span, however, results in a rapid loss in 
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effectiveness at the higher angles of attack which is attributed to an 
increase in the severity of the flow breakdown observed at the inboard 
end of the slat or flap (reference l) . There is no appreciable 
difference in the aileron effectiveness throughout the angle-of-attack 
range of the wing with either the slat or 0.35b/2 leading-edge flap 
installed. 

Using the methods of reference calculations of the aileron- 
effectiveness parameter C i (at a = 0°) were made for several conven- 

tional sweptback wings which had the same aspect ratio and taper ratio 
as the subject wing but differed in the amount of leading-edge sweepback. 

The results of these calculations indicate that the value of Ct cal- 

o 

culated for a wing with 10° leading-edge sweepback was about the same as 
that measured for the subject wing. 

Rolling- and yawing-moment characteristics .- The rolling-moment 
coefficient obtained with a total aileron deflection of 48° in the low 
angle-of-attack range (below a = 10°) is about 0.040 for all configura- 
tions investigated. (See fig. 10(a).) For the higher angles of attack 
the split flaps cause a large decrease in Ci, except for the full-span 
leading-edge-flap configuration. The rolling -moment curves for the full- 
span leading-edge -flap configuration are discontinuous between angles of 
attack of about 18.4° and 20° (fig. 10(a)) and between aileron deflections 
of -8° to -12° (fig. 14(a)). Inasmuch as the data of reference 1 revealed 
that the full-span leading-edge -flap configuration was susceptible to 
sudden stalling of either wing tip for angles of attack near that for 
maximum lift, the discontinuities are attributed to stalling of the right 
wing tip as indicated by the lift curves of figure l4(b) . The data of 
figures 7(a), 8(a), and 10(a) indicate that sufficient aileron control 
(based on aileron data at zero yaw) is available to trim out the rolling 
moments associated with about 12° of yaw for all configurations except 
for the split-flap configuration at the higher angles of attack where 
aileron control is available up to about 8° of yaw. The aileron in 
most instances is still effective at the maximum deflection tested of 24 
and could probably attain a greater deflection and some additional trim 
in yaw. 

Adverse yawing-moment coefficients are obtained throughout the 
angle-of-attack range for all configurations tested, the largest values 
of which are obtained for the wing with leading-edge high-lift devices 
installed. (See fig. 10(b).) 

Rolling effectiveness .- In order to indicate a measure of the rolling 
effectiveness of the aileron investigated, values of the wing-tip helix 
angle pb/2V have been calculated for two conventional wings of 0° 
and 30° sweepback which had the same aspect ratio and taper ratio as the 
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subject wing. The range of sweepback is considered sufficient to repre- 
sent the characteristics of the plan form under consideration. The 
estimated values of pb/2 V were determined in the usual manner from the 
P b _ C 1 


relationship 


2V 


The values of C-, 


' l , 


were determined from the 


expression 


(c, n W 
V pJc L =o 


C L 


c L =o 


given as method 1 in reference 6. The values of (C 7 j for an 

\ p/c l =o 

aspect ratio of 4.12 and a taper ratio of O.36 obtained from the charts 
of reference 6 were -0.3175 for 0° sweepback and -0.3050 for 30° sweep- 
back. The values of pb/2V presented have not been corrected for the 
effects of adverse yaw or wing twist, and an aileron linkage system 
giving a differential of 1:1 (equal up and down deflections) is assumed. 


The data of figure 11 show that the total aileron deflection 
required to produce a helix angle of 0.09 considered necessary for 
satisfactory low-speed control as specified in reference 7 decreases 
from about 29° at an angle of attack of 3*5° to about 22° at an angle 
of attack of 12.8°. The data also show a small effect of sweepback 
for the range of sweepback and angles of attack considered. 


Pitching-moment characteristics .- The curves of pitching-moment 
coefficient against lift coefficient given in figures 12 to 19 show, 
in general, a very small increment in pitching-moment coefficient 
resulting from 24° up and down deflection of the aileron for lift 
coefficients up to 0.85 Ct 

max 


SUMMARY OF RESULTS 


The results of an investigation of the low-speed lateral stability 
and aileron-effectiveness characteristics of a wing with the leading- 
edge sweepback decreasing from 45° at the root to 20° at the tip are 
summarized as follows: 


1. Positive dihedral effect is measured up to stall for all con- 
figurations investigated. The maximum value of is increased from 


0.0014 for the basic wing to 0.0033 for the wing with split flaps 
deflected 60°. The addition of the full- span leading-edge flap to the 
latter configuration gives a value of 0.0026. 
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2. All the configurations investigated are directionally stable 
throughout the lift-coefficient range. 

3. The value of the aileron-effectiveness parameter for all con- 
figurations investigated is about 0.0010 at 0.85C T . For angles 

■unax 

of attack near maximum lift the addition of split flaps causes an 
appreciable reduction in the aileron effectiveness for all the config- 
urations except for that with the full-span leading-edge flap installed. 
The full-span leading-edge-flap configurations maintain the highest 
values of at the higher angles of attack. 

4 . For the maximum deflection of 48 ° sufficient aileron control is 
available for lateral trim up to 12° yaw except for the split-flap 
configuration which can trim to 8° yaw. 

5. The lateral-stability and aileron-effectiveness results obtained 
for the subject wing are comparable with those obtained for essentially 
unswept wings. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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Figure 1.- The stability system of axes and sign convention for the 
standard NACA coefficients. All forces, force coefficients, moment 
coefficients, angles, and the control-surface deflection are shown 
as positive. 
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Wing area 190.24 sq ft 


Figure 2.- Geometric characteristics of wing. All dimensions are given 

in inches . 
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Section A— A (Enlarged) 


(a) Leading-edge flap. 



Section 0— B (Enlarged) 


(b) Split flap. 


0.0078 c 





(c) Leading-edge slat. 


Figure 3*- Arrangement of high-lift devices investigated. 
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(a) Basic wing. 


Figure 4.- Photographs of wing mounted in the Langley full-scale tunnel. 





















(b) Split flaps installed. 8f = 6 O' 
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Figure 5*- Geometric characteristics of the plain unsealed aileron. 
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Full-span leading-edge flap 
with split flaps 



ro 

o 



Figure 6.- Summary curves showing the variation of lateral-stability 
parameters with lift coefficient for several configurations. 

R 3 3.5 X 10 6 . 
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(a) Variation of C n , and Cy with ty. 

Figure 7.- Aerodynamic characteristics in yaw of basic wing and wing 
with split flaps deflected. R ~ 3*5 X 10^. 
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Figure 7*- Concluded 
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(a) Variation of C and Cy with ty. 

Figure 8.- Aerodynamic characteristics in yaw of wing with full-span 
leading-edge flap installed. R £ 3.5 X 10^. 
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(b) Variation of Cl, Cx, and with 

Figure 8.- Concluded. 
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0.35b/2 Leading-edge flaps 



9.- Summary curves showing the effects of high-lift devices on the 
aileron-effectiveness parameter Cjg. R ~ 3*5 X 10^. 
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(a) Rolling-moment coefficients. 

Figure 10.- Rolling- and yawing -moment characteristics for a total aileron 

deflection of i *6° in positive roll. 
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(b) Yawing-moment coefficients. 


Figure 10.- Concluded. 
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a, deg 

3.5 

10.9 


12.8 



Figure 11.- Variation of estimated wing-tip helix angle pb/2V with 
total aileron deflection for the basic wing. 
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(b) Cl against a and C^. 
Figure 12.- Concluded. 
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Figure 13.- Aileron characteristics of wing with split flaps installed. 

R « 3.5 x 10 6 . 
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(a) Cj and 
Figure 14.- Aileron characteristics of 

flap installed. R 
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(a) Cj and C n against 8 a . 

Figure 15.- Aileron characteristics of wing with full-span leading-edge 
flap and split flaps installed. R £ 3*5 X 10 . 





(b) C L against a and C^. 
Figure 15. - Concluded. 
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(a) and C n against 6 a . 

Figure 1 6 .- Aileron characteristics of wing with 0.35b/2 leading-edge 

slats installed. R « 3.5 x 10^. 
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(b) against a and C^. 

Figure l6.- Concluded. 
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flaps installed. R M 3*5 X 10^. 
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(t>) C L against a and Cjn. 
Figure 17.- Concluded. 
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slats and. split flaps installed. R ~ 3*5 X 10^. 
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(b) against a and C^. 

Figure 18.- Concluded. 
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Figure 19*- Aileron characteristics of wing with 0.35t>/2 leading-edge 
flaps and split flaps installed. R as 3*5 X 10^. 
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